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(57) ABSTRACT 
A surface plasmon resonance sensor apparatus includes a 
common substrate, a surface emitting laser, such as a 
VCSEL, arranged on the common substrate, a sensor array, 
such as CCD array, arranged on the common substrate, a 
light-transmitting medium provided above the common sub 
strate, and a metal thin ?lm formed on the light-transmitting 
medium to cause surface plasmon resonance due to light 
Which is emitted from the surface emitting laser, transmitted 
through the light-transmitting medium and impinging on the 
metal thin ?lm. The surface emitting laser, metal thin ?lm 
and sensor array are positioned such that a change in an 
intensity of light re?ected by the metal thin ?lm caused by 
the surface plasmon resonance can be measured by the 
sensor array. 
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SURFACE PLASMON RESONANCE SENSOR 
APPARATUS USING SURFACE EMITTING LASER 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a sensor apparatus 
for measuring an object in a sample using light. More 
particularly it relates to a sensor apparatus for detecting or 
measuring a speci?c substance by using the interaction 
betWeen light and a surface plasmon Wave caused by the 
total-re?ection of light on a metal thin ?lm provided on a 
light-transmitting medium. The typical sensor apparatus is a 
nucleic-acid detecting device, in Which a vertical cavity 
surface emitting laser (VCSEL) and a sensor array, such as 
an array of charge-coupled devices (CCDs), are arranged on 
a common substrate, and an optical system composed of 
integrally formed substrate, light-transmitting medium and 
metal thin ?lm is employed. 

[0003] 2. Related Background Art 

[0004] Conventionally, oxidation-reduction reaction of a 
measurement object, color reaction of a measurement object 
With color reagent, and the like have been used in chemical 
sensors for measuring sample concentrations. In those cases, 
When a highly-sensitive, highly-selective sensor is needed, it 
is preferable that the measurement object is used as a 
substrate and a biosubstance With a strong af?nity for the 
substrate, such as an antibody for an antigen, is used for the 
substrate. Where the measurement object is nucleic acid, 
then a so-called probe nucleic acid can be preferably used. 
In this probe nucleic acid, a portion of a base arrangement 
in the nucleic acid is replaced by a complementary base 
arrangement. 

[0005] Recently, a highly-sensitive method has been pro 
posed to optically measure a change in the dielectric con 
stant Which accompanies a biochemical reaction (see J apa 
nese Patent Application Laid-Open No. 61(1986)-292045). 
In this method, the interaction betWeen light and surface 
plasmon Wave is used. The surface plasmon Wave is gener 
ated under a total-re?ection condition of light on a metal thin 
?lm provided on a light-transmitting medium. Its principle 
of measurement is as folloWs. 

[0006] FIG. 6 illustrates the structure of the above-dis 
cussed prior art measuring apparatus. In FIG. 6, light 
emerging from a light source 31 enters a prism 32 (a 
light-transmitting medium), is re?ected at a re?ective sur 
face of the prism 32, and is detected by a photodetector 33. 
A spacer layer 34 of a buffer medium, a metal ?lm 35 and 
an organic material layer 36 (an insulator) are serially 
desposited on the re?ective surface of the prism 32. A 
sample ?uid 37 of a measurement object is in contact With 
an external surface of the organic material layer 36. 

[0007] A surface plasmon Wave is de?ned herein as an 
electromagnetic Wave generated at the interface betWeen a 
metal and an insulator. This Wave can be optically induced 
When the resonance condition determined by refractive 
index (i.e., dielectric constant) in the vicinity of the interface 
betWeen the metal and the insulator and its thickness is 
satis?ed. Initially, p-polariZed light is caused to impinge on 
the light-transmitting medium With the metal thin ?lm 
thereon such that a total re?ection of the light occurs at the 
metal thin ?lm. Then, an evanescent Wave occurs With a 
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Wave number depending on the incident angle of light at the 
interface betWeen the metal thin ?lm and the light-transmit 
ting medium. On the other hand, the surface plasmon Wave 
is generated on an outer surface (a surface in contact With the 
insulator) of the metal thin ?lm due to a tunneling effect of 
light. The surface plasmon resonance occurs When Wave 
numbers of the evanescent Wave and the surface plasmon 
Wave respectively created on both faces of the metal thin 
?lm are coincident With each other. At this time, part of 
energy of the incident light is used to induce energy of the 
surface plasmon Wave. 

[0008] The intensity of light re?ected at the metal thin ?lm 
is equal to a difference betWeen the intensity of the incident 
light and the light intensity lost by the excitation of the 
surface plasmon Wave, based on the energy conservation 
laW. Therefore, the surface plasmon resonance can be mea 
sured by measuring the incident-angle dependency of the 
intensity of the re?ected light. The resonance condition is 
determined from the Wavelength of incident light, its inci 
dent angle, complex dielectric constants of light-transmit 
ting medium and metal thin ?lm, complex dielectric con 
stant of a sensor’s sensitive ?lm provided on the metal thin 
?lm, and so forth. When the complex dielectric constant 
varies due to the biochemical reaction in the sensitive ?lm, 
the resonance condition is changed. Hence, under the con 
dition of a constant Wavelength, the light incident angle for 
causing the surface plasmon resonance is varied. When this 
variation of the light incident angle is detected, the substrate 
concentration of the biochemical reaction, i.e., concentration 
of the measurement object, can be obtained. 

[0009] Since the surface plasmon Wave is generated in a 
region Within about several hundred nanometers on the 
metal thin ?lm, the biochemical reaction betWeen substrate 
and biosubstance causing the change in the dielectric con 
stant must be effected in this region. Therefore, a very thin 
?lm Will suf?ce to form the sensitive ?lm With the biosub 
stance ?xed thereon. Further, only the neighborhood of the 
metal thin ?lm can be measured in the surface plasmon 
resonance, so even a colored sample and a suspended sample 
can be measured Without the in?uences of the color or 
suspension. 
[0010] Hitherto, a detecting sensor of an antigen of pro 
tein, and the like have been developed using the surface 
plasmon resonance (for example, BIAcore by Phalmasia 
Co.). In this sensor, an organic thin ?lm as the sensitive ?lm 
is provided on the metal ?lm on Which the surface plasmon 
resonance occurs, and an antibody is ?xed in the organic thin 
?lm. When the ?xed antibody is selectively bonded to the 
antigen in the measurement object, the dielectric constant of 
the organic thin ?lm is slightly changed. This change can be 
measured from a change in the resonant angle. This principle 
can also be used in a nucleic-acid sensor and the like, in 
Which an organic thin ?lm as the sensitive ?lm is provided 
on the metal ?lm on Which the surface plasmon resonance 
occurs, and a nucleic acid or the like is ?xed in the organic 
thin ?lm. When the ?xed target nucleic acid or probe nucleic 
acid is selectively bonded to probe nucleic acid or target 
nucleic acid in the measurement object, the dielectric con 
stant of the organic thin ?lm is slightly changed and this 
change can be measured from a change in the resonant 
angle. 
[0011] Such a measuring apparatus using the surface plas 
mon resonance is disclosed in Japanese Patent Application 
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Laid-Open Nos. 5(1993)-18890, 6(1994)-58873, 6(1994) 
167443, 6(1994)-265336, 7(1995)-174693, “Sensors and 
Actuators B329 (1995) pp. 268-273”, or “Sensors and 
Actuators B32 (1996) pp. 149-155”, for example. In those 
apparatuses, a metal thin ?lm is formed on a prism, and the 
surface plasmon resonance created by incidence light from 
outside of the prism is measured by a detector disposed on 
the outside of the prism. In those apparatuses, the incident 
angle of light incident on the metal thin ?lm needs to be 
varied to measure a change in the resonant angle. Hence, the 
apparatus becomes relatively large including light source, 
prism, detector, movable device, and so forth. Accordingly, 
a sensor apparatus With a large elasticity is difficult to 
fabricate based on such a construction. 

[0012] Further, the metal thin ?lm for creating the surface 
plasmon resonance can achieve a sufficiently eXact measure 
ment With a very small area. Therefore, there have also been 
proposed sensor-type apparatuses in Which only the mea 
suring portion is shaped into a minute con?guration. For 
eXample, “Sensors and Actuators B34 (1996) pp. 328-333” 
proposed a sensor using an optical ?ber. Since the group 
velocity of light propagated through an optical ?ber is 
determined from its Wavelength, incident and re?ection 
angles of light totally re?ected at the interface betWeen the 
core and the cladding of the ?ber are dependent on the 
Wavelength of light and characteristics of the ?ber. 

[0013] Here, a portion of the cladding in the optical ?ber 
is removed, and a metal thin ?lm is deposited on the surface 
of the cladded portion. When the resonance occurs betWeen 
an evanescent Wave generated during the total re?ection at 
the interface betWeen core and metal thin ?lm and a surface 
plasmon Wave on the metal thin ?lm at a resonant Wave 
length of various Wavelengths, light at its resonant Wave 
length attenuates. Therefore, When White light is inputted 
into the optical ?ber and the Wavelength dispersion of light 
transmitted through the core and the metal thin ?lm is 
detected, the attenuation of the light intensity in a Wave 
length range of the surface plasmon resonance can be 
measured. Those methods drastically increase a practicable 
potential of the sensor using the surface plasmon resonance. 
Those methods, hoWever, require a strict optical positioning 
of the coupling betWeen light source and optical ?ber, the 
coupling betWeen optical ?ber and optical detector, and so 
forth. 

[0014] A similar sensing technique using the optical ?ber 
is further disclosed in Published European Patent Applica 
tion No. 0282009. This technique is directed to an optical 
?ber sensor using a change in refractive indeX resulting from 
the interaction With hydrocarbons. The operating principle is 
based on a change in the refractive indeX of the cladded 
material caused by the presence of hydrocarbon. 

[0015] Further, there has been proposed a device Which 
includes no driving unit for changing the incident angle of 
light and in Which a prism and an optical detector are 
integrally arranged. Japanese Patent Application Laid-Open 
No. 7(1995)-225185 discloses a sensor apparatus in Which 
light Waveguide, Waveguide-type lens and CCD detector are 
arranged on a glass substrate, for eXample. Light from a 
semiconductor laser is inputted into this sensor, and the 
surface plasmon resonance is measured. The sensor is 
advantageous in that a relative positional relation betWeen 
respective optical elements need not be adjusted after the 
fabrication of the sensor. 
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[0016] Furthermore, “Sensors and Actuators B35-36 
(1996) pp. 212-216” proposes a sensor apparatus in Which a 
light emitting diode and a photodiode array are integrally 
arranged. In this sensor apparatus, all optical elements 
needed for the surface plasmon resonance measurement are 
packed in a single package, and a sensitive ?lm is deposited 
on a metal thin ?lm formed on the package to achieve the 
function of the sensor apparatus. In the sensor apparatus, a 
Wide Width of the incident angle of light incident on the 
metal thin ?lm is obtained by using a Wide expansion of light 
emitting from the light emitting diode, and the light intensity 
corresponding to each incident angle can be detected by the 
photodiode array. The sensor apparatus needs no adjustment 
of the optical arrangement for measurement of the surface 
plasmon resonance, and the sensor’s function is established 
by ?xing biosubstance to the metal thin ?lm. In this sensor 
apparatus, hoWever, a sensor is needed for each measure 
ment object, and the sensor apparatus is hence unsuitable for 
many-component sensing. 

[0017] As described above, the chemical sensor using the 
surface plasmon resonance measures the change in the 
intensity of re?ected light during the total re?ection Which 
depends on the incident angle. Accordingly, for the purpose 
of highly-precise measurement, an appropriate relative posi 
tion betWeen light source, p-polariZer, lens, light-transmit 
ting medium and photodetector must be strictly established. 
Further, in the method for measuring the re?ected light While 
changing the incident angle of light, respective optical 
elements must be moved With a high positional precision. To 
dispose those optical elements, highly-rigid material must be 
used to ?X them, precision is required to mount and drive 
them, and the siZe of the apparatus inevitably increases since 
control systems for driving and so forth must be used. 

[0018] Further, in the method for measuring the surface 
plasmon resonance at the core portion of the optical ?ber, a 
versatile sensor can be obtained With high elasticity. HoW 
ever, problems occur in that: couplings of light source and 
photodetector to the optical ?ber are needed; a reference 
portion is needed to cope With eXternal in?ueneces of 
temperature and so forth; a sensor portion is needed for each 
measurement object in a many-component simultaneous 
measurement; and a large number of spectroscopes and 
photodetectors are needed because of the measurement of 
the surface plasmon resonance using Wavelength dispersion. 
Thus, productivity and versatility of the sensor are reduced. 

[0019] On the other hand, in the surface plasmon reso 
nance sensor apparatus provided With an integrated arrange 
ment of light source, polariZer, photodetector and light 
transmitting medium, no strict positioning of the optical 
elements is needed and no driving unit is needed. Accord 
ingly, it is possible With this integrated arrangement to 
achieve a small sensor siZe and stability in sensor response. 
HoWever, When a light emitting diode is used as the light 
source, since light emerging from a radiation point of the 
diode eXpands in a conical form, only a single-component 
measurement can be performed even When the above 
discussed photodiode array is used. Since, hoWever, a vari 
ety of components are typically present in a sample, there is 
a great unful?lled need for their simultaneous measurement. 
Further, Where the concentration of the measurement object 
in the sample ranges broadly, development of a sensor 
apparatus With a large dynamic range is also desired. 
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SUMMARY OF THE INVENTION 

[0020] It is an object of the present invention to provide a 
surface plasmon resonance sensor apparatus in Which a 
surface emitting laser employed as a light source and 
superior in light directivity, controllability of its polarization 
plane and suitability for arraying, and a sensor array, such as 
a CCD array, are arranged on a common substrate, Wherein 
a many-component measurement can be readily performed 
as Well as a single-component measurement by using a 
light-transmitting medium and a metal thin ?lm provided 
above the substrate, such that dynamic range can be readily 
Widened. 

[0021] The objects and advantages of the present inven 
tion are achieved by: 

[0022] A surface plasmon resonance sensor apparatus 
Which comprises: 

[0023] (a) a common substrate; 

[0024] (b) a sensor array spaced in said common 
substrate; 

[0025] (c) a light-transmitting medium spaced above 
said common substrate; 

[0026] (d) a metal thin ?lm formed on said light 
transmitting medium; and 

[0027] (e) a surface emitting laser spaced on said 
common substrate adapted to emit light through said 
light-transmitting medium to be re?ected from said 
metal thin ?lm and simultaneously generate a surface 
plasmon resonance suf?cient to change intensity of 
light re?ected from said metal thin ?lm; Wherein said 
surface emitting laser, said metal thin ?lm and said 
sensor array are positioned to measure the intensity 
of the light re?ected by the metal thin ?lm. 

[0028] More speci?cally, a surface plasmon resonance 
sensor apparatus includes a common substrate, a surface 
emitting laser, such as a vertical cavity surface emitting laser 
(VCSEL), arranged on the common substrate, a sensor array, 
such as a CCD array, arranged on the common substrate, a 
light-transmitting medium provided above the common sub 
strate, and a metal thin ?lm formed on the light-transmitting 
medium. When light is emitted from the surface emitting 
laser is transmitted through the light-transmitting medium 
and impinges on the metal thin ?lm, a surface plasmon 
resonance is induced. The surface emitting laser, metal thin 
?lm and sensor array are positioned such that the change in 
intensity of light re?ected by the metal thin ?lm, Which is 
caused by the surface plasmon resonance can be measured 
by the sensor array. 

[0029] More speci?cally, the folloWing preferred embodi 
ments may be employed based on the above fundamental 
invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0030] The surface emitting laser and the sensor array are 
arranged on the common substrate. An optical element is 
provided above the laser to expand a divergent angle of the 
light emitted from the surface emitting laser. This optical 
element can be omitted, if desired. The light-transmitting 
medium provided With the metal thin ?lm is provided above 
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the substrate. The light-transmitting medium is preferably a 
resin case ?lled With air. On an internal surface of the resin 
case an antire?ection ?lm may be formed, and on an external 
surface, the metal thin ?lm is provided. The respective 
elements are positioned such that the laser light can be 
totally re?ected at the metal thin ?lm and the light intensity 
along a direction of the light divergent angle can be mea 
sured by the sensor array. 

[0031] Metal forming the metal thin ?lm is preferably Ag, 
Au, Cu, Zn, Al or K, as is described in “SURFACE, Vol. 20 
No. 6 (1982) pp. 289-304”. Ag and Au are particularly 
preferable. The metal thin ?lm can also be composed of an 
alloy composition, but an alloy mixing Pd With Au is not 
good since the surface plasmon disappears When Pd is mixed 
With Au. Further, the metal thin ?lm can be comprised of, for 
example, a multi-layer structure in Which a very thin ?lm of 
Cr is formed on the surface of the light-transmitting medium 
and an Au ?lm or the like is formed on the Cr ?lm to secure 
a tight contact betWeen the metal thin ?lm and the light 
transmitting medium. 

[0032] As employed herein, the term “thin” in the phrase 
“metal thin ?lm” refers to a metal ?lm thickness sufficient to 
totally re?ect the light striking it from the light transmitting 
medium. In general, the thickness of the metal ?lm is from 
about 100 to 1000 A, preferably from about 300 to 700 A 
and most preferably about 500 A for most metals. A “very 
thin” ?lm is generally from about 300 to 500 A in thickness. 

[0033] In a speci?c sensor apparatus, the light radiation 
point of the surface emitting laser is elliptically shaped. The 
laser is positioned such that light from the laser enters the 
metal thin ?lm as p-polariZed light. A lens or a hologram 
device is preferably provided to expand the light beam along 
its polariZation plane, and the total re?ection of the light 
occurs at the metal thin ?lm over a Wide incident-angle 
range. The dependency of the thus-effected surface plasmon 
resonance on the incident angle is measured by the sensor 
array, such as a one-dimensional CCD sensor array arranged 
extending along the above polariZation plane on the com 
mon substrate. 

[0034] The number of CCDs in the one-dimensional CCD 
sensor array is determined by the range of the incident angle 
of light received by the CCD sensor array and the variation 
of the surface plasmon resonant angle. Over a hundred (100) 
CCDs Will usually suf?ce for that purpose, When the inci 
dent-angle range is about 10° and the resonant-angle varia 
tion is about 2°. Further, Where a hologram device is used to 
expand the laser beam, the beam expansion angle can be 
freely set by a thin, light element and the above-discussed 
optical positioning above the surface emitting laser can be 
readily performed. 

[0035] In another speci?c sensor apparatus, a one-dimen 
sional array of parallel-arranged surface emitting lasers and 
a tWo-dimensional sensor array are arranged on the common 
substrate. Light from the surface emitting laser is preferably 
further expanded in a direction of its polariZation plane by 
the lens or hologram device. HoWever, light beams from 
adj acently-arranged lasers seldom overlap in a direction 
perpendicular to the polariZation plane since the expansion 
angle of the laser light in this perpendicular direction is 
exceedingly small. Thus, undesired crosstalk seldom occurs 
in the tWo-dimensional sensor array. Therefore, many com 
ponents or items can be simultaneously measured When 
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different biosubstances are respectively ?xed to different 
strip portions of the metal thin ?lm on Which surface 
plasmon resonances occur due to the light beams from the 
respective lasers. Further, When the same biosubstance is 
?xed to the different strip portions at different concentra 
tions, the sensor construction, in Which respective dynamic 
ranges are varied, can be obtained. 

[0036] In another speci?c sensor apparatus, a tWo-dimen 
sional array of surface emitting lasers and a tWo-dimensional 
sensor array are arranged on the common substrate. Light 
beams from the surface emitting lasers arranged along the 
direction of the p-polariZation plane are preferably trans 
mitted by lenses or hologram devices to enter the interface 
betWeen the light-transmitting medium and the metal thin 
?lm over appropriately-set incident-angle ranges, respec 
tively. When the respective laser incident-angle ranges are 
continuously set by lenses or hologram devices, a Wide 
incident-angle range, Which could not be obtained by a 
single surface emitting laser, can be covered by the plural 
lasers. The intensity distribution of totally-re?ected light 
corresponding to this Wide incident angle is measured by the 
sensor array. 

[0037] Where the complex dielectric constant of the sen 
sitive ?lm ?xed to the metal thin ?lm cannot be estimated, 
the resonant angle causing the surface plasmon resonance 
cannot be calculated and it is hence dif?cult to design the 
apparatus by using a sensor having only a narroW incident 
angle range. In such a case, a sensor With a Wide incident 
angle range is very useful since it can measure the surface 
plasmon resonance for a Wide dielectric constant of the 
sensitive dielectric ?lm. Further, similarly to the case Where 
the sensor apparatus includes the one-dimensional laser 
array, When different biosubstances are ?xed to the strip 
portions of the metal thin ?lm, many components or a single 
component can be measured With a large dynamic range by 
using a Wide incident angle. 

[0038] When the incident angle of the laser light on the 
metal thin ?lm covers a large range, the intensity of light to 
be measured decreases since the radiation angle of light to 
be received by each sensor element varies broadly. In such 
a case, an accurate spectrum of the surface plasmon reso 
nance can be obtained When signals detected by sensors, 
such as CCDs, are corrected. 

[0039] The sensitive dielectric ?lm to be used in the 
present invention is formed of a substance Which selectively 
interacts With the measurement object and changes its physi 
cochemical properties, such as its refractive index, thickness 
and the like. Speci?cally, the sensitive dielectric ?lm is 
preferably a polymer ?lm carrying antigen, antibody or the 
like, a Langmuir-Blodgett ?lm, a polymer ?lm carrying a 
substance such as a hormone, receptor, polypeptide, nucleic 
acid, cell, cell membrane, glycoprotein, lipid and pigment, 
Which shoW an af?nity for a speci?c organic compound, or 
the like. The measurement object may be a ?uid, such as a 
gas or liquid. 

[0040] Further, a preferred sensitive dielectric ?lm to be 
used in the present invention selectively interacts With a 
nucleic acid to be measured and changes its physicochemi 
cal properties, such as its refractive index, thickness and the 
like. Speci?cally, a preferred sensitive dielectric ?lm carries 
probe nucleic acid in Which a portion of a base arrangement 
of a target nucleic acid to be measured is replaced by a 
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complementary base arrangement. More speci?cally, the 
sensitive dielectric ?lm contains DNA, RNA, PNA, or the 
like to act as a probe. In this case, the target nucleic acid is 
a reaction object. Conversely, the sensitive dielectric ?lm 
may contain a target nucleic acid. More speci?cally, the 
sensitive dielectric ?lm may contain DNA, such as cDNA, 
or RNA, such as mRNA, tRNA and rRNA. In this case, the 
probe nucleic acid is a reaction object. 

[0041] In the thus-fabricated surface plasmon resonance 
sensor apparatus, the surface emitting laser and the sensor, 
such as CCD array, are formed on the common substrate and 
the metal thin ?lm is formed on the light-transmitting 
medium, such as a resin, provided above the substrate. Thus, 
all optical elements needed to measure the surface plasmon 
resonance are disposed on a single chip. Therefore, small 
siZing, cost-reduction and excellent productivity of the sen 
sor apparatus can be readily attained. Further, even simul 
taneous sensing of many components can be achieved by 
using parallel characteristic (i.e., good directivity) of light 
emitted from the surface emitting laser and establishing a 
multi-channel construction. Further, since the surface emit 
ting laser can be readily constructed as an array, a Wide 
incident angle onto the sensor can be attained by combining 
the arrayed lasers With the sensor array. Amany-component 
sensing sensor apparatus and a sensor apparatus applicable 
over a Wide concentration range can also be achieved. 

[0042] Features of the surface emitting laser Will be 
described With reference to a typical speci?c structure. 

[0043] Surface emitting lasers in a range from blue of 
about 400 nm to a communication Wavelength band of 1.55 
pm have been presently developed. They have been studied 
using a GaN-series on a sapphire substrate, GaAlInP-series, 
InGaAs-series, GaInNAs-series and GaAlAs-series on a 
GaAs substrate, GaInAsP-series and GaAlInAs-series on an 
InP substrate, and other materials. A fundamental structure 
of a surface emitting laser array is illustrated in FIG. 1. 

[0044] An epitaxially-groWn layer structure 22 With a 
thickness of about several microns is fabricated on a semi 
conductor substrate 21, and an active layer 23 is provided in 
the layer structure 22. Dielectric multi-layer mirrors 24 and 
25 With a high re?ection factor of over 99% are formed on 
both surfaces of the layer structure 22. A pixel 26 shoWs a 
peripheral shape of the active layer 23, and laser light is 
emitted perpendicularly to the substrate 21. The re?ective 
layers 24 and 25 are typically formed of multiple layers With 
a thickness of M4 and different refractive indices, and 
materials thereof are generally dielectric glasses or epitaxi 
ally-groWn semiconductors. Examples of the epitaxially 
groWn mirror are disclosed in “ELECTRONICS LETTERS, 
31, p. 560 (1995)”, Wherein AlAs/GaAs multi-layer mirror, 
active layer and so forth are deposited on an GaAs substrate 
during a single groWth. As is disclosed in “APPLIED 
PHYSICS LETTERS, 66, p. 1030 (1995)”, a GaAs/AlAs 
mirror formed on a GaAs substrate is bonded to a laser 

structure of InGaAsP/InP series groWn on an InP substrate, 
using direct junction. Further, as is disclosed in Japanese 
Patent Application Laid-Open Nos. 5(1993)-167192 and 
6(1994)-237043, the re?ective mirror can also be fabricated 
by epitaxially groWing it on a substrate With a hole. 

[0045] The siZe of a light emitting portion of the laser 
device is in a range from 5 pm to 30 pm, and its beam 
expansion angle is exceedingly small (i.e., its directivity is 
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excellent), compared With those of gas lasers and ordinary 
semiconductor lasers. Further, light emerging from the laser 
device can be polarized Without using a polariZer, by ellip 
tically shaping the light radiation point of the laser. More 
over, an array of multiple surface emitting lasers can be 
relatively readily fabricated on a single silicon substrate by 
using processing techniques. 
[0046] On the other hand, it is Well knoWn that the sensor 
or photodetector, such as CCD, can be arranged in a one 
dimensional or tWo-dimensional array. 

[0047] These advantages and others Will be more readily 
understood in connection With the folloWing detailed 
description of the more preferred embodiments in conjunc 
tion With the draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0048] FIG. 1 is a partly cut-aWay perspective vieW illus 
trating a typical array structure of surface emitting lasers. 

[0049] FIG. 2A is a plan vieW illustrating a ?rst embodi 
ment of a surface plasmon resonance sensor apparatus in 
Which a surface emitting laser and a one-dimensional array 
of CCD sensors are arranged on a common substrate. 

[0050] FIG. 2B is a side vieW illustrating the ?rst embodi 
ment of the surface plasmon resonance sensor apparatus. 

[0051] FIG. 2C is a side vieW illustrating the ?rst embodi 
ment With a sensitive dielectric layer. 

[0052] FIG. 3A is a graph illustrating resonance spectra 
obtained in respective cases in embodiments of the present 
invention. 

[0053] FIG. 3B is a graph illustrating resonance spectra 
obtained in respective cases in embodiments of the present 
invention. 

[0054] FIG. 4A is a plan vieW illustrating second and third 
embodiments of a surface plasmon resonance sensor appa 
ratus in Which a one-dimensional array of surface emitting 
lasers and a tWo-dimensional array of CCD sensors are 
arranged on a common substrate. 

[0055] FIG. 4B is a side vieW illustrating the second and 
third embodiments of the surface plasmon resonance sensor 
apparatus. 

[0056] FIG. 5A is a plan vieW illustrating a fourth 
embodiment of a surface plasmon resonance sensor appa 
ratus in Which a tWo-dimensional array of surface emitting 
lasers and a tWo-dimensional array of CCD sensors are 
arranged on a common substrate. 

[0057] FIG. 5B is a side vieW illustrating the fourth 
embodiment of the surface plasmon resonance sensor appa 
ratus. 

[0058] FIG. 6 is a schematic cross-sectional vieW illus 
trating a prior art measuring apparatus. 

[0059] The folloWing Examples represent preferred 
embodiments. 

EXAMPLE 1 

[0060] A ?rst preferred embodiment of the present inven 
tion is directed to a surface plasmon resonance sensor 
apparatus using a surface emitting laser and a one-dimen 
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sional CCD sensor array. Plan and side vieWs of the sensor 
structure are illustrated in FIGS. 2A and 2B, respectively. 
FIG. 2C is a side vieW illustrating the ?rst embodiment With 
a sensitive dielectric layer. 

[0061] As illustrated in FIGS. 2A and 2B, the surface 
emitting laser 2 and the one-dimensional CCD sensor array 
3 are arranged on a Si substrate 1 along a line extending in 
right and left directions of FIGS. 2A and 2B. The oscillation 
Wavelength of the surface emitting laser 2 is 640 nm, and its 
output poWer is 0.1 mW. The Si substrate 1 may be put in a 
package With a WindoW to maintain its mechanical strength. 
The Si substrate 1 may also be supported by an insulating 
substrate 4 as shoWn in FIG. 2B. Terminals 5 are draWn 
from the package or insulating substrate 4 to drive the 
surface emitting laser 2 and take out signals of the CCD 
sensor array 3. Further, since the dielectric constant (i.e., 
refractive index) exibits temperature dependence, it is pref 
erable that a temperature sensor, such as a thermistor, is 
provided on or near the Si substrate 1. The temperature 
correction of the surface plasmon resonance signal is thus 
performed by taking out a signal from the temperature 
sensor through the terminal 5. Although the light from the 
surface emitting laser is polariZed in a uniaxial direction, it 
is still preferable that a radiation point of the laser 2 is 
elliptically shaped or the polariZation plane of light from the 
laser 2 is controlled by a polariZer or the like such that its 
polariZation plane can be accurately aligned to the arrange 
ment direction of the CCD sensor array 3. 

[0062] A cylindrical lens 6 is provided above the surface 
emitting laser 1 to expand the laser light in the arrangement 
direction of the CCD sensor array 3. These elements are 
molded With a light-transmitting polymethylmethacrylate 
resin 7 to construct a sensor apparatus. The expanded laser 
light is totally re?ected by an outer surface of a metal thin 
?lm 8. The focal length of the cylindrical lens 6 is set such 
that the intensity of the totally-re?ected light can be mea 
sured by the CCD sensor array 3 corresponding to its 
incident angle. When the sensor array 3 is Widely arranged 
and the totally-re?ected light is thus received suf?ciently 
accurately, the position of the cylindrical lens 6 is not needed 
to be so strictly set in the resin 7. As the metal thin ?lm 8, 
gold is deposited to a thickness of 500 A on the surface of 
the light-transmitting resin 7. 

[0063] Anti-HIV-1 emv gp 120/160 monoclonal antibody 
is carried on the metal thin ?lm 8 in the folloWing manner 
to form a sensitive dielectric layer 19 as illustrated in FIG. 
2C. 

[0064] (1) Cystamine-2-hydrochloric acid salt (produced 
by Tokyo Kasei Kogyo Co.) is dissolved in chloroform to 
obtain a 0.005 M solution. The gold ?lm 8 formed on the 
resin-mold surface of the sensor apparatus is dipped in this 
solution and maintained therein for three hours to introduce 
amino-rsidue on the gold thin ?lm 8. 

[0065] (2) BS3 [Bis (sulfosuccinimidyl) suberate] (pro 
duced by PIERCE Co.) is dissolved in 20 mM sodium 
phosphate buffer (pH 7.5) including 0.15 M NaCl to obtain 
2 mM solution. The gold thin ?lm 8 With the amino-residue 
introduced therein is dipped in this solution for ten minutes 
to introduce succinimidyl-residue on the gold thin ?lm 8. 

[0066] (3) Anti-HIV-1 emv gp 120/160 monoclonal anti 
body (produced by Bioline Co.) is then dissolved in 20 mM 
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sodium phosphate buffer (pH 7.5) including 0.15 M NaCl to 
obtain a concentration of 1 mg/ml. The gold thin ?lm 8 is 
dipped in this solution for an hour to carry the anti-HIV-1 
emv gp 120/160 monoclonal antibody 20 on the gold thin 
?lm 8. 

[0067] (4) The gold thin ?lm 8 is ?nally dipped in 1 M 
Tris-HCl buffer (pH 7.5) for ten minutes, and unaltered 
succinimidyl-residue on the gold thin ?lm 8 is caused to 
react. 

[0068] The thus-completed sensor apparatus is dipped in 
20 mM sodium phosphate buffer (pH 7.5) including 0.15 M 
NaCl. Light re?ected by the gold thin ?lm 8 is detected by 
the CCD sensor array 3, and its signals are taken out through 
the terminals 5. The output signals are observed by a 
synchroscope, and the surface plasmon resonance corre 
sponding to each incident angle is measured. As a result, a 
resonance spectrum With a minimum at the incident angle of 
620° Was obtained as illustrated by a thick dotted line in 
FIG. 3A. 

[0069] Antigen substance of recombinant HIV-1 gp 120 
(produced by Repligen Co.), Which is a detection-object 
material, is dissolved in buffer to obtain 0.02 mg/ml. The 
sensor apparatus is dipped in this antigen-substance solu 
tion, and the resonance spectrum is similarly measured. A 
resonance spectrum With a minimum at the incident angle of 
640° Was thus obtained as illustrated by a thin dotted line in 
FIG. 3A. It is thus apparent therefrom that the surface 
plasmon resonance sensor apparatus of the present invention 
is applicable to the detection of antigen-antibody reaction. 

EXAMPLE 2 

[0070] Next, as a second Example, probe DNA is carried 
on the metal thin ?lm 8 in the folloWing manner to form a 
sensitive dielectric layer. 

[0071] (1) Cystamine-2-hydrochloric acid salt (produced 
by Tokyo Kasei Kogyo Co.) is dissolved in chloroform to 
obtain a 0.005 M solution. The gold ?lm 8 formed on the 
resin-mold surface of the sensor apparatus is dipped in this 
solution and maintained therein for three hours to introduce 
amino-residue on the gold thin ?lm 8. 

[0072] (2) BS3 [Bis (sulfosuccinimidyl) suberate] (pro 
duced by PIERCE Co.) is then dissolved in 20 mM sodium 
phosphate buffer (pH 7.5) including 0.15 M NaCl to achieve 
a 2 mM solution. The gold thin ?lm 8 With the amino-residue 
introduced therein is dipped in this solution for ten minutes 
to introduce succinimidyl-residue on the gold thin ?lm 8. 

[0073] (3) As the DNA probe, oligomer (D With a poly 
meriZation degree of 18, in Which amino-residue is bonded 
to hydroxyl group at 5‘ terminal through phosphate group 
and hexamethylene, is used. As DNA, HPLC puri?ed grade 
(produced by Nihon Seifun Co.) is used (also the same in the 
folloWing embodiments). A base arrangement of the probe 
has an array complementary With a base arrangement in a 
portion of multiple cloning site in M13mp18ss of single 
chain DNA. The base arrangement and linkage structure of 
each probe are as folloWs: 

[0075] Further, DNA@ with a base arrangement comple 
mentary With (D is used as detection-object DNA. 
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[0076] The (D is dissolved in 20 mM sodium phosphate 
buffer (pH 7.5) including 0.15 M NaCl to achieve a con 
centration of 0.5 mg/ml. The gold thin ?lm 8 is dipped in this 
solution for an hour to bond the probe DNA on the gold thin 
?lm 8. 

[0077] (4) The gold thin ?lm 8 is ?nally dipped in 1 M 
Tris-HCl buffer (pH 7.5) for ten minutes, and unaltered 
succinimidyl-residue on the gold thin ?lm 8 is caused to 
react. 

[0078] The thus-completed sensor is dipped in 20 mM 
sodium phosphate buffer (pH 7.5) including 0.15 M NaCl. 
Light re?ected from the gold thin ?lm 8 is detected by the 
CCD sensor array 3, and its signals are taken out through the 
terminals 5. The output signals are observed by a synchro 
scope, and the surface plasmon resonance corresponding to 
each incident angle is measured. As a result, a resonance 
spectrum With a minimum at the incident angle of 580° Was 
obtained as illustrated by a thin dotted line in FIG. 3B. 

[0079] The detection-object material of @ is then dis 
solved in buffer to achieve 0.005 mg/ml. The sensor appa 
ratus is dipped in this solution, and the resonance spectrum 
is similarly measured. A resonance spectrum With a mini 
mum at the incident angle of 58.7° Was obtained as illus 
trated by a thick dotted line in FIG. 3B. It is thus apparent 
therefrom that the surface plasmon resonance sensor apar 
ratus of the present invention is applicable to the detection 
of nucleic acid oligomer. 

[0080] A second preferred embodiment of the present 
invention is directed to a surface plasmon resonance sensor 
apparatus using a one-dimensional array of surface emitting 
lasers and a tWo-dimensional array of CCD sensors and 
capable of measuring many components simultaneously. 
Plan and side vieWs of the sensor structure of this embodi 
ment are illustrated in FIGS. 4A and 4B, respectively. As 
illustrated in FIGS. 4A and 4B, similarly to the ?rst 
embodiment, the one-dimensional surface emitting laser 
array 9 and the tWo-dimensional CCD sensor array 10 are 
arranged on a Si substrate. 

EXAMPLE 3 

[0081] A cylindrical lens 11, Which can be formed by 
extending the cylindrical lens 6 of the ?rst embodiment in up 
and doWn directions in FIG. 4A, is provided above the 
surface emitting laser array 9 to expand each laser light 
emitted from each laser in the arrangement direction of each 
one-dimensional CCD sensor array of the tWo-dimensional 
CCD sensor array 10 for each laser (in right and left 
directions in FIGS. 4A and 4B). Each expanded laser light 
is totally re?ected by the surface of light-transmitting resin 
on Which a metal thin ?lm 12 is formed. The focal length of 
the cylindrical lens 9 is set such that the intensity of each 
totally-re?ected light can be measured by the CCD sensor 
array 10 corresponding to its incident angle. 

[0082] As the metal thin ?lm 12, gold is deposited With a 
thickness of 500 A on the surface of the light-transmitting 
resin, similarly to the ?rst embodiment. The vacuum evapo 
ration area of the gold thin ?lm 12 is suf?ciently Wide such 
that each laser light can be re?ected by the surface of the 
gold ?lm 12 and each surface plasmon resonance can be 
measured by each one-dimensional CCD sensor array 
extending in the right and left directions in the tWo-dimen 
sional CCD sensor array 10. 
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[0083] The gold thin ?lm 12 is divided into a plurality of 
strip portions each extending in the right and left directions 
in FIGS. 3A and 3B, and anti-HIV-1 emv gp 120/160 
monoclonal antibody is carried on some strip portions of the 
gold thin ?lm 12 similarly to Example 1 Which illustrates the 
?rst embodiment, to form a sensitive dielectric layer. Immu 
noglobulin G (produced by Sigma Co.) is similarly ?xed to 
some other strip portions of the gold thin ?lm 12, in place 
of the anti-HIV-1 emv gp 120/160 monoclonal antibody. 

[0084] The thus-completed sensor apparatus is dipped in 
20 mM sodium phosphate buffer (pH 7.5) including 0.15 M 
NaCl. Light emitted from each laser and re?ected by each 
strip portion of the gold thin ?lm 12 is detected by each 
one-dimensional CCD sensor array of the tWo-dimensional 
CCD sensor array 10. Output signals are observed by a 
multi-channel synchroscope, and each surface plasmon reso 
nance on each strip portion corresponding to each incident 
angle is measured. As a result, a resonance spectrum With a 
minimum at the incident angle of 620° Was obtained for the 
strip portion With the anti-HIV-1 emv gp 120/160 mono 
clonal antibody ?xed thereon. Further, a resonance spectrum 
With a minimum at the incident angle of 660° Was obtained 
for the strip portion With the immunoglobulin G ?xed 
thereon. 

[0085] Antigen substance of recombinant HIV-1 gp 120, 
Which is detection-object material, is dissolved in the buffer 
to obtain a concentration of 0.02 mg/ml. The sensor appa 
ratus is dipped in this antigen substance solution, and the 
resonance spectrum is similarly measured. As a result, a 
resonance spectrum With a minimum at the incident angle of 
640° Was obtained for the strip portion With the anti-HIV-1 
emv gp 120/160 monoclonal antibody ?xed thereon. In 
contrast, the resonant angle remained unchanged for the strip 
portion With immunoglobulin G ?xed thereon. 

[0086] Further, anti-immunoglobulin G, Which is detec 
tion-object material, is dissolved in buffer to obtain a con 
centration of 0.02 mg/ml. The sensor apparatus is dipped in 
this solution, and the resonance spectrum is similarly mea 
sured. As a result, a resonance spectrum With a minimum at 
the incident angle of 620° Was obtained for the strip portion 
With the anti-HIV-1 emv gp 120/160 monoclonal antibody 
?xed thereon. This resonance spectrum is the same spectrum 
as for a blank. In contrast, the resonant angle Was changed 
to 675° for the strip portion With the immunoglobulin G 
?xed thereon. It Was knoWn therefrom that the surface 
plasmon resonance sensor apparatus of the present invention 
can detect, corresponding to antigens ?xed to the respective 
strip portions on the gold thin ?lm 12, many components of 
their antibodies simultaneously and singularly. 

EXAMPLE 4 

[0087] A gold thin ?lm 12 formed according to Example 
3 is divided into a plurality of strip portions, and probe DNA 

is carried on some strip portions similarly to Example 2 
to form a sensitive dielectric layer. Deoxyribothymidylic 
acid With polymeriZation degree of 25 (T25) is similarly 
?xed to some other strip portions of the gold thin ?lm 12, in 
place of the 

[0088] The thus-completed sensor apparatus is dipped in 
20 mM sodium phosphate buffer (pH 7.5) including 0.15 M 
NaCl. Light re?ected from each strip portion of the gold thin 
?lm 12 is detected by each one-dimensional CCD sensor 
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array of the tWo-dimensional CCD sensor array 10. Output 
signals are observed by the multi-channel synchroscope, and 
each surface plasmon resonance on each strip portion cor 
responding to each incident angle is measured. As a result, 
a resonance spectrum With a minimum at the incident angle 
of 580° Was obtained for the strip portion With (D ?xed 
thereon. A resonance spectrum With a minimum at the 
incident angle of 580° Was also obtained for the strip 
portion With T25 ?xed thereto. 

[0089] The @ of Example 2 Which is detection-object 
material, is then dissolved in buffer to obtain a concentration 
of 0.005 mg/ml. The sensor apparatus is dipped in this 
antigen substance solution, and the resonance spectrum is 
similarly measured. As a result, a resonance spectrum With 
a minimum at the incident angle of 58.7° Was obtained for 
the strip portion With ?xed thereon. In contrast, the 
resonant angle remained unchanged for the strip portion 
With T25 ?xed thereto. 

[0090] Further, deoxyribo-adenylic acid With a polymer 
iZation degree of 25 (A25), Which is another detection-obj ect 
material, is dissolved in buffer to obtain a solution concen 
tration of 0.005 mg/ml. The sensor apparatus is dipped in 
this solution, and the resonance spectrum is similarly mea 
sured. As a result, a resonance spectrum With a minimum at 
the incident angle of 580° Was obtained for the strip portion 
With (D ?xed thereon. This resonance spectrum is the same 
spectrum as for a blank. In contrast, the resonant angle Was 
changed to 5 90° for the strip portion With T25 ?xed thereon. 
Even in such a case, it Was knoWn therefrom that the surface 
plasmon resonance sensor apparatus of the present invention 
can detect, corresponding to antigens ?xed to the respective 
strip portions on the gold thin ?lm 12, many components of 
their antibodies simultaneously and singularly. 

[0091] A third preferred embodiment of the present inven 
tion is directed to a surface plasmon resonance sensor 
apparatus using a one-dimensional array of surface emitting 
lasers and a tWo-dimensional array of CCD sensors and 
capable of measuring a single component over a Wide range 
of its concentration. The sensor structure of this embodiment 
is the same as illustrated in FIGS. 4A and 4B of the second 
embodiment. 

EXAMPLE 5 

[0092] A gold thin ?lm 12 is divided into a plurality of 
strip portions similarly to Example 3, and anti-HIV-1 emv 
gp 120/160 monoclonal antibody is carried on some strip 
portions of the gold thin ?lm 12 similarly to Example 1 to 
form a sensitive dielectric layer. Anti-HIV-1 emv gp 120/160 
monoclonal antibody With a concentration of 1/100 of the 
above is similarly ?xed to some other strip portions of the 
gold thin ?lm 12. 

[0093] The thus-completed sensor is dipped in 20 mM 
sodium phosphate buffer (pH 7.5) including 0.15 M NaCl. 
Light re?ected by each strip portion of the gold thin ?lm 12 
is detected by each one-dimensional CCD sensor array of 
the tWo-dimensional CCD sensor array 10. Output signals 
are observed by the multi-channel synchroscope, and each 
surface plasmon resonance on each strip portion correspond 
ing to each incident angle is measured. As a result, a 
resonance spectrum With a minimum at the incident angle of 
620° Was obtained for the strip portion With anti-HIV-1 emv 
gp 120/ 160 monoclonal antibody ?xed thereon similarly to 
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Example 1. A resonance spectrum With a minimum at the 
incident angle of 610° Was obtained for the strip portion 
With the antigen of 1/100 concentration ?xed thereon. 

[0094] Antigen substance of recombinant HIV-1 gp 120, 
Which is detection-object material, is then dissolved in buffer 
to obtain a concentration of 0.02 mg/ml. The sensor appa 
ratus is dipped in this antigen substance solution, and the 
resonance spectrum is similarly measured. As a result, a 
resonance spectrum With a minimum at the incident angle of 
640° Was obtained for the strip portion With anti-HIV-1 emv 
gp 120/160 monoclonal antibody ?xed thereon, similarly to 
Example 1. In contrast, the resonant angle only slightly 
increased for the strip portion With the antigen of 1/100 
concentration ?xed thereon. 

[0095] Further, recombinant HIV-1 gp 120, Which is 
detection-obj ect material, is dissolved in buffer to obtain 0.2 
mg/ml. The sensor apparatus is dipped in this solution, and 
the resonance spectrum is similarly measured. As a result, a 
resonance spectrum With a minimum at the incident angle of 
620° Was obtained for the strip portion With the antigen of 
1/100 concentration ?xed thereon. It Was thus knoWn there 
from that the surface plasmon resonance sensor apparatus of 
the present invention can detect, corresponding to antigens 
of various concentrations ?xed to the respective strip por 
tions on the gold thin ?lm 12, its antibody singularly in a 
Wide dynamic range. 

EXAMPLE 6 

[0096] A gold thin ?lm 12 formed according to Example 
3 is divided into a plurality of strip portions, and (D is 
carried on some strip portions similarly to Example 2 to 
form a sensitive dielectric layer. The (D With a concentra 
tion of 1/100 of the above is similarly ?xed to some other strip 
portions of the gold thin ?lm 12. 

[0097] The sensor apparatus is dipped in 20 mM sodium 
phosphate buffer (pH 7.5) including 0.15 M NaCl. Light 
re?ected by each strip portion of the gold thin ?lm 12 is 
detected by each one-dimensional CCD sensor array of the 
tWo-dimensional CCD sensor array 10. Output signals are 
observed by the multi-channel synchroscope, and each sur 
face plasmon resonance on each strip portion corresponding 
to each incident angle is measured. As a result, a resonance 
spectrum With a minimum at the incident angle of 580° Was 
obtained for the strip portion With (D ?xed thereon similarly 
to the second case in the ?rst embodiment. A resonance 
spectrum With a minimum at the incident angle of 57.6° Was 
obtained for the strip portion With the antigen of 1/100 
concentration ?xed thereon. 

[0098] The @ of Example 2 Which is detection-object 
material, is then dissolved in buffer to obtain a concentration 
of 0.005 mg/ml. The sensor apparatus is dipped in this 
antigen substance solution, and the resonance spectrum is 
similarly measured. As a result, a resonance spectrum With 
a minimum at the incident angle of 58.7° Was obtained for 
the strip portion With (D ?xed thereon similarly to the 
second case in the ?rst embodiment. In contrast, the resonant 
angle only slightly increased for the strip portion With (D of 
1/100 concentration ?xed thereon. 

[0099] Further, @ is dissolved in buffer to obtain a 
concentration of 0.005 mg/ml. The sensor apparatus is 
dipped in this solution, and the resonance spectrum is 
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similarly measured. As a result, a resonance spectrum With 
a minimum at the incident angle of 58.1° Was obtained for 
the strip portion With of 1/100 concentration ?xed thereon. 
Even in such a case, it Was knoWn therefrom that the surface 
plasmon resonance sensor apparatus of the present invention 
can detect, corresponding to concentrations of probes ?xed 
to the respective strip portions on the gold thin ?lm 12, their 
complementary chains singularly over a Wide dynamic 
range. 

[0100] A fourth preferred embodiment of the present 
invention is directed to a surface plasmon resonance sensor 
apparatus using a tWo-dimensional array of surface emitting 
lasers and a tWo-dimensional array of CCD sensors. Plan 
and side vieWs of the sensor structure of this embodiment are 
illustrated in FIGS. 5A and 5B, respectively. As illustrated 
in FIGS. 5A and 5B, similarly to the second embodiment, 
the tWo-dimensional surface emitting laser array 13 and the 
tWo-dimensional CCD sensor array 14 are arranged on a Si 
substrate. 

EXAMPLE 7 

[0101] A cylindrical lens array 15, in Which a plurality of 
cylindrical lenses extending in up and doWn directions in 
FIG. 4A are arranged along right and left directions in 
FIGS. 4A and 4B, is provided above the tWo-dimensional 
surface emitting laser array 13 to expand each laser light 
emitted from the laser array 13 in the arrangement direction 
of the tWo-dimensional CCD sensor array 14 (in right and 
left directions in FIGS. 4A and 4B). Each elongate cylin 
drical lens of the cylindrical lens array 15 corresponds to 
each one-dimensional array of the tWo-dimensional surface 
emitting laser array 13 extending along the up and doWn 
directions in FIG. 4A. Each expanded laser light is totally 
re?ected by the surface of light-transmitting resin on Which 
a metal thin ?lm 16 is formed. The focal length of each 
cylindrical lens of the cylindrical lens array 15 is decided 
such that the intensity of each totally-re?ected light can be 
measured by the CCD sensor array 14 corresponding to its 
incident angle. 

[0102] As the metal thin ?lm 16, gold is deposited With a 
thickness of 500 A on the surface of the light-transmitting 
resin, similarly to Example 3. 

[0103] The gold thin ?lm 16 is divided into a plurality of 
strip portions extending in the right and left directions in 
FIGS. 4A and 4B. Anti-HIV-1 emv gp 120/160 monoclonal 
antibody is carried on some strip portions of the gold thin 
?lm 16 similarly to Example 3. Immunoglobulin G is further 
carried on some other strip portions of the gold thin ?lm 16 
similarly to Example 3. 

[0104] Furthermore, protein is ?xed to some other strip 
portions of the gold thin ?lm 16 in the folloWing manner. 

[0105] (1) Dithio-bis-propionic acid succinimide is dis 
solved in deoxidiZed acetone to obtain a concentration of 
0.01 mM. 

[0106] (2) The strips of the gold thin ?lm 16 are dipped in 
this solution to ?x succinimide to the gold thin ?lm 16 by 
employing the phenomenon that disul?de self-organiZes on 
the gold surface. 

[0107] (3) Bovine serum albumin (produced by Sigma 
Co.) is then dissolved in 20 mM sodium phosphate buffer 
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(pH 7.5) to obtain a 1% concentration. The gold strips are 
dipped in this solution for an hour to ?X albumin to the gold 
thin ?lm 16. 

[0108] The thus-completed sensor apparatus is dipped in 
20 mM sodium phosphate buffer (pH 7.5) including 0.15 M 
NaCl. Light re?ected by each strip portion of the gold thin 
?lm 16 is detected by each one-dimensional CCD sensor 
array of the tWo-dimensional CCD sensor array 14 eXtend 
ing in the right and left directions in FIGS. 4A and 4B. 
Output signals are observed by the multi-channel synchro 
scope, and each surface plasmon resonance on each strip 
portion corresponding to each incident angle is measured. 
As a result, the same responses as those in Example 3 Were 
observed on the strip portion With the anti-HIV-1 emv gp 
120/ 160 monoclonal antibody ?xed thereon and on the strip 
portion With the immunoglobulin G ?Xed thereon. 

[0109] Protein bonded to fatty acid (see B. Specht et. al, J. 
Biotechnol., 33 (1994) 259-269), Which is detection-object 
material, is then dissolved in buffer to obtain a concentration 
of 0.02 mg/ml. The sensor apparatus is dipped in this 
solution, and the resonance spectrum is similarly measured. 
As a result, a change of the resonant angle Was observed 
neither on the strip portion With the anti-HIV-1 emv gp 
120/160 monoclonal antibody ?Xed thereon nor on the strip 
portion With the immunoglobulin G ?Xed thereon. In con 
trast, the resonant angle Was changed from 430° to 445° on 
the strip portion With the bovine serum albumin ?Xed 
thereon. Thus, it Was knoWn therefrom that singular 
response occurred on each strip portion for the detection 
object. 
[0110] Further, on the strip portion With the bovine serum 
albumin ?Xed thereon, the surface plasmon resonance 
occurred at an angle larger than the incident angle measur 
able in the second embodiment. It Was thus knoWn therefrom 
that a spectrum over a Wide incident-angle range could be 
measured by using the arrayed surface emitting lasers and 
the interaction With substance ?Xed to the metal thin ?lm 
could be Widely sensed. 

EXAMPLE 8 

[0111] A gold thin ?lm 16 as in EXample 7 is divided into 
a plurality of strip portions, and (D of EXample 2 is carried 
on some strip portions. Further, deoXyribo-thymidylic acid 
With polymeriZation degree of 25 (T25) is ?Xed to some 
other strip portions of the gold thin ?lm 16, similarly to 
EXample 4, and oligo-deoXy-nucleotide (AGCT) of a poly 
meriZation degree of 20 having a repetitive arrangement of 
ACGT is ?Xed to some other strip portions. 

[0112] The sensor apparatus is dipped in 20 mM sodium 
phosphate buffer (pH 7.5) including 0.15 M NaCl. Light 
re?ected by each strip portion of the gold thin ?lm 16 is 
detected by the tWo-dimensional CCD sensor array 14. 
Output signals are observed by the multi-channel synchro 
scope, and each surface plasmon resonance on each strip 
portion corresponding to each incident angle is measured. 
As a result, the same responses as those in EXample 4 Were 
observed on the respective strip portions, including the strip 
portion of (AGCT). 

[0113] Single-chain DNA of M13mp18ss, Whose molar 
Weight is large compared With that of detection-object 
material in EXamples 2, 4 and 6, is then dissolved to obtain 
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a concentration of 0.02 mg/ml. The sensor apparatus is 
dipped in this solution, and the resonance spectrum is 
similarly measured. As a result, a change of the resonant 
angle Was observed neither for the strip portion of T25 nor 
the strip of (AGCT). In contrast, the resonant angle Was 
changed from 580° to 615° for the strip portion With (D 
?Xed thereon. It Was thus knoWn therefrom that singular 
response occurred on each strip portion for the detection 
object. 

[0114] Further, on the strip portion With (D ?Xed thereon, 
the surface plasmon resonance occurred at an angle larger 
than the incident angle measurable in the second embodi 
ment. Even in this case, it Was thus knoWn therefrom that a 
spectrum over a Wide incident-angle range could be mea 
sured by using the arrayed surface emitting lasers and the 
interaction With substance ?Xed to the metal thin ?lm could 
be Widely sensed. 

[0115] As described in the foregoing, according to the 
surface plasmon resonance sensor apparatus using a surface 
emitting laser of the present invention, necessary optical 
elements are all arranged on a common chip, so that small 
siZing of the sensor apparatus, relatively loW cost, and high 
productivity can be achieved. Further, the sensor apparatus 
applicable to many-component sensing, and sensing over a 
Wide concentration-range can be achieved by using features 
of the surface emitting laser. 

[0116] EXcept as otherWise disclosed herein, the various 
components shoWn in outline or block form in the Figures 
are individually Well knoWn in the laser device and sensors, 
and their internal construction and operation are not critical 
either to the making or using of this invention or to a 
description of the best mode of the invention. 

[0117] While the present invention has been described 
With respect to What is presently considered to be the 
preferred embodiments, it is to be understood that the 

What is claimed is: 
1. A surface plasmon resonance sensor apparatus com 

prising: 

(a) a common substrate; 

(b) a sensor array spaced in said common substrate; 

(c) a light-transmitting medium spaced above said com 
mon substrate; 

(d) a metal thin ?lm formed on said light-transmitting 
medium; and 

(e) a surface emitting laser spaced on said common 
substrate adapted to emit light through said light 
transmitting medium to be re?ected from said metal 
thin ?lm and simultaneously generate a surface plas 
mon resonance suf?cient to change intensity of light 
re?ected from said metal thin ?lm; Wherein said surface 
emitting laser, said metal thin ?lm and said sensor array 
are positioned to measure the intensity of the light 
re?ected by said metal thin ?lm. 

2. A surface plasmon resonance sensor apparatus accord 
ing to claim 1, Wherein a sensitive dielectric layer is pro 
vided on said metal thin ?lm on a side opposite to said 
light-transmitting medium. 

3. A surface plasmon resonance sensor apparatus accord 
ing to claim 2, Wherein said sensitive dielectric layer con 
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tains a substance ?xed thereon, said substance selected from 
the group consisting of antigen, antibody, hormone, recep 
tor, polypeptide, nucleic acid, cell, cell membrane, glyco 
protein, lipid and pigment. 

4. A surface plasmon resonance sensor apparatus accord 
ing to claim 2, Wherein said sensitive dielectric layer con 
tains substance ?xed thereon, said substance being a probe 
nucleic acid. 

5. A surface plasmon resonance sensor apparatus accord 
ing to claim 2, Wherein said sensitive dielectric layer com 
prises a layer capable of interacting With a sample contained 
in a gas or liquid and changing a physicochemical property 
thereof. 

6. A surface plasmon resonance sensor apparatus accord 
ing to claim 4, Wherein said sensitive dielectric layer com 
prises a layer capable of interacting With a target nucleic acid 
contained in a sample and changing a physicochemical 
property thereof. 

7. A surface plasmon resonance sensor apparatus accord 
ing to claim 6, Wherein the probe nucleic acid contains a 
portion of a base arrangement of the target nucleic acid 
replaced by a complementary base arrangement. 

8. A surface plasmon resonance sensor apparatus accord 
ing to claim 7, Wherein the probe nucleic acid is capable of 
interacting With a target nucleic acid of DNA, cDNA, or 
RNA. 

9. A surface plasmon resonance sensor apparatus accord 
ing to claim 8, Wherein the RNA target nucleic acid is 
mRNA, tRNA, or rRNA. 

10. Asurface plasmon resonance sensor apparatus accord 
ing to claim 7, Wherein said probe nucleic acid is DNA, 
cDNA, or RNA. 

11. A surface plasmon resonance sensor apparatus accord 
ing to claim 7, Wherein said probe nucleic acid is protein 
nucleic acid. 

12. Asurface plasmon resonance sensor apparatus accord 
ing to claim 10, Wherein said probe nucleic acid RNA is 
mRNA, tRNA, or rRNA. 

13. Asurface plasmon resonance sensor apparatus accord 
ing to claim 7, Wherein the target nucleic acid is protein 
nucleic acid. 

14. Asurface plasmon resonance sensor apparatus accord 
ing to claim 1, further comprising an optical element for 
expanding a divergent angle of the light emitted from said 
surface emitting laser. 
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15. Asurface plasmon resonance sensor apparatus accord 
ing to claim 14, Wherein said optical element is a lens. 

16. Asurface plasmon resonance sensor apparatus accord 
ing to claim 14, Wherein said optical element is a hologram 
device. 

17. Asurface plasmon resonance sensor apparatus accord 
ing to claim 1, Wherein said surface emitting laser is a single 
surface emitting laser, and said sensor array is a one 
dimensional array of sensors for measuring surface plasmon 
resonant light of the light emitted from said single surface 
emitting laser. 

18. Asurface plasmon resonance sensor apparatus accord 
ing to claim 1, Wherein said surface emitting laser is a 
one-dimensional array of surface emitting lasers, and said 
sensor array is a tWo-dimensional array of sensors, each 
one-dimensional sensor array of said tWo-dimensional array 
of sensors measuring surface plasmon resonant light of each 
light emitted from each surface emitting laser of said one 
dimensional array of surface emitting lasers. 

19. Asurface plasmon resonance sensor apparatus accord 
ing to claim 1, Wherein said surface emitting laser is a 
tWo-dimensional array of surface emitting lasers, and said 
sensor array is a tWo-dimensional array of sensors, each 
one-dimensional sensor array of said tWo-dimensional array 
of sensors measuring surface plasmon resonant light of light 
emitted from each one-dimensional surface emitting laser 
array of said tWo-dimensional array of surface emitting 
lasers. 

20. Asurface plasmon resonance sensor apparatus accord 
ing to claim 1, Wherein said common substrate is a silicon 
substrate. 

21. Asurface plasmon resonance sensor apparatus accord 
ing to claim 1, Wherein said light-transmitting medium is 
glass or plastic. 

22. Asurface plasmon resonance sensor apparatus accord 
ing to claim 1, Wherein said metal thin ?lm is gold, silver, 
copper, Zinc, aluminum, or potassium. 

23. Asurface plasmon resonance sensor apparatus accord 
ing to claim 1, Wherein said sensor array is an array of 
carged-coupled devices. 


